We investigated the association of matrix metalloproteinases, the disintegrin and metalloprotease 33 and the tissue and serum inhibitors of proteinase gene polymorphisms with severe chronic respiratory diseases in Tatar children. We analyzed the case-control data sample from a total of 592 Tatar individuals, consisting of 119 children with chronic bronchitis, 138 with recurrent pneumonia and 335 control children residing in Ufa (Russia). The percentage of heterozygous genotype for the MMP9 (2660A4G) was higher among healthy children (52.54% vs 36.13% in chronic bronchitis patients, P adj ¼ 0.0033, P cor ¼ 0.033, odds ratio (OR) ¼ 0.51; and 36.96% in recurrent pneumonia group, P adj ¼ 0.0034, P cor ¼ 0.034, OR ¼ 0.53). The MMP12 ( À82A4G) locus was associated with chronic bronchitis in the additive model (P adj ¼ 0.0091, P cor ¼ 0.09, OR ¼ 0.45, b ¼ À0.798). The relationship between the 6A6A genotype of MMP3 ( À1171 5A46A) (P adj ¼ 0.0013, P cor ¼ 0.013, OR ¼ 3.91) and the 6A-A haplotype of MMP3 ( À1171 5A46A) and MMP12 ( À82A4G) and recurrent pneumonia were unraveled (P adj ¼ 0.001, P cor ¼ 0.01, OR ¼ 2.07). This haplotype was also associated with a higher risk of chronic bronchitis (P adj ¼ 0.0012, P cor ¼ 0.012, OR ¼ 2.15). The TIMP3 ( À1296T4C) was associated with recurrent pneumonia in the dominant model (P adj ¼ 0.0031, P cor ¼ 0.031, OR ¼ 1.91). The MMP9, MMP3 and TIMP3 (tissue inhibitors of matrix metalloproteinases) polymorphisms and MMP3 and MMP12 haplotypes may play a substantial role in susceptibility to severe airway and lung injury in children with chronic bronchitis and recurrent pneumonia.
INTRODUCTION
Hereditary predisposition is an important risk factor for chronic respiratory diseases. 1 In the recent years, the genetic mechanisms underlying such wide-spread diseases such as chronic obstructive pulmonary disease (COPD) and bronchial asthma have been extensively investigated worldwide. 1,2 Several genome-wide association studies of COPD and bronchial asthma identified new genomic loci associated with these diseases. [1] [2] [3] [4] At the same time, little is known about the genetic basis of chronic respiratory diseases in children, except for asthma, cystic fibrosis, early-onset emphysema associated with severe a 1 -antitrpypsin deficiency, some rare hereditary syndromes and congenital lung abnormalities and defects. [5] [6] [7] The role of hereditary factors in susceptibility to acute community-acquired and nosocomial pneumonia in adults is also being actively investigated. 8 Chronic respiratory diseases with mostly bilateral involvement of small respiratory pathways and lung parenchyma constitute one of the topical issues in pediatric and general medicine. 9, 10 In chronic bronchitis, airway obstruction results from chronic and excessive secretion of abnormal airway mucus, inflammation, bronchospasm and infections. 5, 11 Pneumonia, or inflammation of the lungs, is the most common type of infectious disease of the lung. Irreversible morphological changes, accompanied by relapses of inflammation in the lungs and airways, are typical for relapsing pneumonia. 5, 9, 11 Chronic inflammatory process impairs growth, development and functioning of the lungs and bronchi. 10 Increased activity of proteolytic enzymes because of genetic variation, their enhanced expression or impaired regulation by protease inhibitors bring about destruction of endothelial and epithelial cells of the lung parenchyma, remodeling of respiratory pathways and deterioration of alveolar structures. All these processes critically contribute to the pathogenesis of respiratory diseases. 12 Genetic variants of matrix metalloproteinase (MMPs) and disintegrin metalloproteinase 33 (ADAM33) genes were shown to affect the susceptibility to bronchial asthma, COPD, lung cancer, interstitial lung fibrosis and acute respiratory distress syndrome. [13] [14] [15] [16] [17] [18] MMP is a family of proteolytic enzymes; in human, it includes 26 zinc-dependent endopeptidases. 19 MMPs are involved in cell migration in the course of tissue regeneration, wound repair and inflammation by promoting leukocyte migration through vessel walls and tissue remodeling. In the lung, MMPs destroy molecules of the extracellular matrix (ECM), including growth factors, chemokines, proteases and cell adhesion molecules. 19, 20 MMPs are secreted by several cell types, in particular, by alveolar macrophages and epithelial cells. 19 ADAM33 belongs to the ADAM (A Disintegrin And Metaloprotease) family of membrane-bound proteolytic enzymes of the adamalysin family of the metzincin subcluss (zinc-dependent metalloproteinases). ADAMs are involved in intercellular interactions and proteolysis. 21 ADAM33 polymorphisms have been associated with accelerated lung function decrease, as well as with COPD and bronchial asthma, respiratory pathway hyperreactivity and aggravated inflammatory response in COPD. [21] [22] [23] [24] MMP and ADAM activity depends on their interactions with TIMPs and with serum inhibitors of proteolytic enzymes, which play a key role in ECM homeostasis by regulating the MMP activity. 25 The major enzymes of the protease inhibitor system are as follows: a1-antitrypsin, a1-antichymotrypsin, a2-macroglobulin and TIMPs. 6 a1-Antitrypsin is the main inhibitor of neutrophilic elastase, trypsin, chymotrypsin and collagenase. The a1-antitrypsin deficiency develops because of a defect in gene SERPINA1. a1-Antichymotrypsin is another important enzyme that inhibits pancreatic chymotrypsin, neutrophilic cathepsin G, mast cell chymase and superoxide ion production in neutrophils. Several point mutations in the SERPINA3 gene have been detected. 6 The family of TIMPs includes several enzymes (TIMP1, TIMP2, TIMP3 and TIMP4) that play a key role in ECM homeostasis by regulating the MMP activity. TIMPs interact with MMPs by forming complexes with slightly varying affinities to different MMPs. 25 We hypothesized that polymorphic variants of the genes functioning in the remodeling of airflow pathways and alveolar destruction are associated with chronic bronchitis and recurrent pneumonia in children. Therefore, we studied MMP1, MMP2, MMP3, MMP9, MMP12, ADAM33, TIMP2, TIMP3, SERPINA1 and SERPINA3 gene polymorphisms in Tatar children with chronic respiratory disease and healthy subjects to determine whether multiple polymorphisms of these genes are involved in the development of chronic bronchitis and recurrent pneumonia of children.
MATERIALS AND METHODS

Patients and controls
The study group consisted of a total of 257 Tatar children. Among them, there were 119 children with chronic bronchitis and 138 with relapsing pneumonia recruited from 2004 to 2010 years in the Republican Children's Hospital (Ufa, Russia). A summary of the study is provided in Table 1 . For all patients with chronic bronchitis and recurrent pneumonia, the diagnosis and detection was carried out by the hospital specialists on the basis of the medical histories and the results of general, clinical, and special tests (chest X-ray, spirometry measures and fibrobronchoscopy), physical examination and laboratory approaches. Children with chronic bronchitis had disseminated defeats of bronchi accompanied by productive cough (more than 3 months a year), and constant heterogeneous wheezes in the lungs (during several months) in the presence of two or three exacerbations a year in the course of 2 years (J41, according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), http://www.who.int/classifications/ icd/en/). 26 The chronic bronchitis group, who suffered from bronchitis without obstruction and endobronchial inflammation, was diagnosed visually by bronchoscopy. None of the subjects in the study sample had a pulmonary infiltrate in the X-ray or were diagnosed as having bronchial asthma (obstructive bronchitis). Irreversible morphological changes (deformation of bronchi and pneumosclerosis in one or several segments of the lung) accompanied by relapses of inflammation in the lung tissue and airways (three or four exacerbations in a year) are revealed in cases with patients having frequently recurring (relapsing) pneumonia (J18, according to the ICD-10). 26 The duration of disease in cases of children with chronic bronchitis and recurrent pneumonia was from 5 to 11 years. Subjects were excluded if they had a history of asthma (according to the GINA project), atopy (skin-prick testing and a high level of total serum immunoglobulin E), cystic fibrosis (based on clinical features, a positive result for sweat test (confidence interval (CI) 460 mmol l À1 ) and detection of CFTR gene mutations), as well as tuberculosis (based on clinical features and a positive result for the test for Mycobacterium tuberculosis). Primary ciliary dyskinesia, cellular or humoral immune deficiencies, gastroesophageal reflux disease, anatomic anomalies of the airways and congenital heart disease were excluded if clinically indicated. For the control group, DNA samples from 335 unrelated, healthy, age-and sex-matched Tatar children inhabiting in Ufa were obtained. All the controls were collected among those children who attended Republican Children's Hospital for regular medical examination. These individuals had no records of respiratory or other related chronic diseases. Before implementation, this study was approved by the Independent Ethics Committee (IEC) of the Institute of Biochemistry and Genetics, Ufa Scientific Centre of Russian Academy of Sciences (Ufa, Russia), and all subjects (their parents or lawful representatives) gave their informed consent. All DNA samples used in the study were anonymous. DNA was isolated from peripheral blood leukocytes using the standard phenol-chloroform extraction procedure. 27 Polymorphisms of MMP1 (-1607G4GG, rs1799750 and -519A4G, rs494379), MMP2 (-735C4T, rs2285053), MMP3 (-1171 5A46A, rs35068180), MMP9 (-1562C4T, rs3918242 and 2660A4G, rs17576), MMP12 (-82A4G, rs2276109), ADAM33 (12418A4G, rs2280091 and 13491C4G, rs2787094), TIMP2 (-418G4C, rs8179090), TIMP3 (-1296T4C, rs9619311), SERPINA1 (1237G4A, rs2073333, 2313A4T, rs17580 and (4628A4G, rs28929474) and SERPINA3 (25G4A, rs4934) were analyzed by polymerase chain reaction and subsequent cleavage with restriction endonuclease MroXI, KpnI, HinfI, Tth111I, SphI, SmaI, PvuI (SibEnzyme, Novosibirsk, Russia), NcoI, Eco88I (Fermentas, Lithuania) and AluBI, TaqI, HinfI (SibEnzyme) as per the manufacturer's instruction. Polymerase chain reaction was performed with TaqDNA polymerase (SibEnzyme) under standard conditions in the MJ Mini thermal cycler (BioRad, Hercules, CA, USA). Primers and allele identification algorithms were described previously in refs 6,13,16,22,28-33. The DNA fragment obtained by polymerase chain reaction and endonuclease digestion were analyzed by polyacrylamide gel electrophoresis in a 6-8% gel (acrylamide:methylenebisacrylamide, 29:1) in Tris/Borate/EDTA, at 200-300 V (10 V cm À1 ). Gels were stained with 0.1 mg ml À1 ethidium bromide for 15 min and photographed in ultraviolet light. Alleles were identified using a 100-bp molecular size marker (SibEnzyme).
Statistical analysis
For quantitative traits, mean values and standard errors (M ± s.e.) were calculated; group comparison was performed with a nonparametric Minor allele frequencies (MAFs) and the agreement of the genotype distribution to the Hardy-Weinberg equilibrium (w 2 ) were determined using the PLINK software, v. 1.07 (http://pngu.mgh.harvard.edu/Bpurcell/plink/contact. shtml#cite). The association analysis using the basic allele test and the calculation of the odds ratio (OR) for the rare allele of each locus and the significance of intergroup differences in allele and genotype frequencies (w 2 test for sample heterogeneity and the P-value) was also performed with PLINK v. 1.07 (http://pngu.mgh.harvard.edu/Bpurcell/plink/contact.shtml# cite). Differences were considered significant if their corresponding P-values were o0.05. To control Type I error rate, Bonferroni correction for multiple comparison was performed, meaning that P-value was multiplied by the number of single-nucleotide polymorphism (SNP) loci studied (n ¼ 10) to obtain the new P cor value. Logistic regression was used to detect the association of SNPs and haplotypes of linked loci in different models; that is, additive, dominant, recessive, accounting for quantitative and binary traits (sex, age), which were introduced into the regression equation as additional variables. The significance of independent factors was assessed using the Wald z-statistic coefficient and the respective P-value. The exponent of an individual regression coefficient (b) was interpreted as the OR for the logistic model and the 95% cCIl was calculated. 
RESULTS
Systematic quality control procedures were performed to guarantee a high quality of the data. Subsequently, SNPs were filtered according to their proportion of missing data, MAF or deviation from HardyWeinberg equilibrium within the controls. For the control group, the following results were obtained:
The SNPs MMP1 (-1607G4GG) and MMP1 (-519A4G), with a genotype distribution that differs significantly from the Hardy-Weinberg equilibrium in the control group, and TIMP2 (-418G4C), SERPINA1 (4628A4G) and SER-PINA1 (2313A4T), with a minor allele frequency below 0.01, were excluded from the analysis.
We obtained data on the allele and genotype frequency distributions in children with chronic bronchitis, recurrent pneumonia and in healthy children (Tables 2 and 3 ). The groups of children with chronic bronchitis and healthy children differed significantly in the allele and genotype frequency distributions of MMP12 ( À82A4G) and MMP9 (2660A4G), while children with recurrent pneumonia differed from the control group in the allele and genotype frequencies of MMP3 ( À1171 5A46A), ADAM33 (13491C4G), MMP9 (2660A4G) and TIMP3 ( À1296T4C). Further association analysis and calculation of OR and significance levels in different models was performed only for this set of candidate loci.
In the chronic bronchitis patient group, the frequency of GG genotype of the MMP9 (2660A4G) increased twofold (14.29% vs 7.63% in control, P adj ¼ 0.05, OR ¼ 2.02, in recessive model); however, the difference became insignificant after the correction for multiple comparisons (P cor ¼ 0.5). MMP9 (2660A4G) was associated with recurrent pneumonia in the dominant model (P ¼ 0.029, P cor ¼ 0.29, OR ¼ 0.62). The percentage of heterozygous genotype for the MMP9 (2660A4G) was higher among healthy children (52.54% vs 36.13% in chronic bronchitis patients, P adj ¼ 0.0033, P cor ¼ 0.033, OR ¼ 0.51; and 36.96% in recurrent pneumonia group,
The À1562C4T (rs3918242) and 2660A4G (rs17576) MMP9 haplotype frequency distributions in COPD patients and healthy individuals were similar. Strong linkage disequilibrium between two MMP9 markers was found, and the values of normalized linkage disequilibrium coefficient (Lewontin's coefficient), D 0 , reflecting the strength of disequilibrium between two markers in chronic bronchitis and recurrent pneumonia constituted 0.847 and 0.773, respectively (see Table 4 ).
The frequency of the minor G allele of MMP12 ( À82A4G) appeared to decrease in children with chronic bronchitis (P adj ¼ 0.0237, P cor ¼ 0.237, OR ¼ 0.48) by performing the classical allelic test (Table 2 ). The MMP12 ( À82A4G) locus showed association with chronic bronchitis testing in the dominant risk genotype model (P adj ¼ 0. In children with recurrent pneumonia, the frequency of the 5A allele of MMP3 ( À1171 5A46A) was significantly decreased (P adj ¼ 0.006, P cor ¼ 0.06, OR ¼ 0.27). The 6A6A genotype was significantly associated with recurrent pneumonia in children (P adj ¼ 0.0013, P cor ¼ 0.013, OR ¼ 3.91).
As both associated markers, MMP12 and MMP3, belong to the same linkage disequilibrium block on chromosome 11q22-q23, we analyzed the haplotype frequencies of these polymorphisms in genes in cases and healthy controls (Table 5 ). On the basis of the results of the haplotype frequency analysis, we conclude that chronic bronchitis and recurrent pneumonia groups differ significantly from healthy individuals in their haplotype frequency distribution. The percentage of the 6A-A haplotype by MMP3 ( À1171 5A46A) and MMP12 ( À82A4G) was higher among children who were disease carriers (91.18% in chronic bronchitis vs 83.26% in control, P adj ¼ 0.0012, P cor ¼ 0.012, OR ¼ 2.15 and 90.94% in recurrent pneumonia vs 83.26% in control, P adj ¼ 0.001, P cor ¼ 0.01, OR ¼ 2.07).
The 6A-G haplotype by MMP3 ( À1171 5A46A) and MMP12 ( À82A4G) was a marker of chronic bronchitis resistance (5.46% vs 10.33% in control, P adj ¼ 0.017, P cor ¼ 0.17, OR ¼ 0.46), and the 5A-A haplotype was a marker of recurrent pneumonia resistance (1.81% vs 5.94% in control, P adj ¼ 0.0077, P cor ¼ 0.07, OR ¼ 0.46). However, the difference became insignificant after the correction for multiple testing.
The frequency of the T allele of TIMP3 ( À1296T4C) was significantly increased in patients with recurrent pneumonia (83.70% vs 74.13% in controls, P adj ¼ 0.003, P cor ¼ 0.03, OR ¼ 1.79).
Significant association of TIMP3 ( À1296T4C) polymorphism with recurrent pneumonia in children was detected using the dominant model (P adj ¼ 0.0031, P cor ¼ 0.031, OR ¼ 1.91). The rare C allele of TIMP3 ( À1296T4C) was a marker of resistance to recurrent pneumonia in children (P adj ¼ 0.0015, P cor ¼ 0.015, OR ¼ 0.55, b ¼ À0.59) for the additive risk genotype model.
In children with recurrent pneumonia, the portion of GG homozygotes of ADAM33 (13491C4G) polymorphism was as high as 50.72% in comparison to 39.53% in healthy children (P adj ¼ 0.033, P cor ¼ 0.33, OR ¼ 1.57). On the other hand, the frequency of the heterozygous CG genotype of ADAM33 (13491C4G) was 51.94% in controls in comparison to 38.41% in chronic bronchitis patients (P adj ¼ 0.0099, P cor ¼ 0.099, OR ¼ 0.58).
DISCUSSION
Inflammation plays a central role in the pathogenesis of chronic respiratory diseases, as it is the major cause of all functional and morphological changes. Impaired regulation of the inflammatory process is the cause of pathological damage of the lung tissue. 4 Proteolytic enzymes are considered to be major regulators of inflammatory and immune responses associated not only with the degradation of ECM proteins and the release of ECM-bound interleukins but also with cytokine and chemokine cleavage, and the consequent modulation of the biological activity of inflammation mediators. 19, 34 Increased MMP activity plays an important role in different respiratory diseases damaging the lung tissue and alveolar structure. 12, 15, 35 MMP dysregulation can contribute to the pathology of chronic lung disorders, such as asthma, emphysema, COPD, bronchopulmonary dysplasia and cystic fibrosis, acute respiratory distress syndrome and respiratory distress syndrome of the newborn. [12] [13] [14] 16, 21 Association studies of polymorphic markers in MMPs, ADAM33, TIMPs, SERPINA1 and SERPINA3 genes effecting Abbreviations: CI, confidence interval; d.f., degrees of freedoms; OR, odds ratio. P adj , significance in the likelihood ratio test for the regression model adjusted for sex and age; P cor , significance after the Bonferroni correction for multiple testing. Bold numerals in the table indicate that the difference was significant after the correction for multiple comparisons. Table 4 Linkage disequilibrium between rs3918242 ( À1562C4T) and rs17576 (2660A4G) MMP9 polymorphisms development and progression of COPD, asthma, lung fibrosis and lung cancer were published. [12] [13] [14] 16, 21 We hypothesized that polymorphic variants of genes functioning in the remodeling of airflow pathways and alveolar destruction may also be associated with severe chronic respiratory diseases in children. We investigated association of MMP1, MMP2, MMP3, MMP9, MMP12, ADAM33, TIMP2, TIMP3, SERPINA1 and SERPINA3 genes polymorphisms with chronic bronchitis and recurrent pneumonia in Tatar children. In our study, chronic respiratory diseases in children were associated with the MMP9 (2660A4G) polymorphism. The heterozygous genotype at this locus was a factor of resistance to chronic bronchitis and childhood pneumonia. In children with chronic bronchitis and relapsing pneumonia, the frequency of heterozygous genotype was significantly decreased. Strong linkage disequilibrium between the alleles of the À1562C4T (rs3918242) and 2660A4G (rs17576) MMP9 polymorphisms was found. Association of MMP9 (2660A4G, rs17576) may be due to the linkage disequilibrium with other SNPs of MMP9 gene. MMP9 hydrolyzes the major components of the lung tissue ECM, denatured collagen and type IV collagen. 32, 35 MMP9 is produced by alveolar macrophages and neutrophils activated by interleukin-8 and interleukin-1, as well as interleukin-1 inductors, cytokines whose levels are significantly increased in pulmonary or bronchial inflammation. 34, 35 MMP9 levels were increased in bronchoalveolar fluid of patients with COPD and lung emphysema. 36 MMP9, located on chromosome 20q11.2, contains 13 exons and 12 introns. The 2660A4G polymorphism of MMP9 affects the specific catalytic MMP9 domain responsible for the substrate binding. It results in the amino-acid substitution (Gln279Arg), altering the structure and function of the enzyme. 37 There have been several studies analyzing the association of MMP9 polymorphisms with respiratory diseases. 30, [35] [36] [37] [38] For instance, an analysis of 17 MMP9 polymorphisms in Japanese children with atopic asthma showed that the disease risk was associated with certain MMP9 genotypes. 37 MMP9 polymorphisms were also associated with allergic rhinitis in children. 38 The results of our study suggest that MMP9 can be involved in the pathogenesis of not only allergic diseases but also of other inflammatory disorders of the respiratory system in children.
In Tatar children with chronic bronchitis, the portion of homozygous carriers of the frequent A allele of the MMP12 ( À82A4G) polymorphism was apparently increased; however, the difference became insignificant after the correction for multiple comparisons (P cor ¼ 0.1). It was shown that the A allele of MMP12 ( À82A4G) had a higher affinity for the AP-1 transcription factor, which results in higher levels of gene expression. 19 The AA genotype of MMP12 ( À82A4G) was associated with decreased respiratory function (forced expiratory volume in 1 s) in adult smokers. 17 Another functional MMP12 polymorphism, 1082A4G (rs652438), has been associated with the severity of asthma and COPD. 39 MMP12 acts as an important regulator of inflammation and remodeling of respiratory pathways in allergic inflammation, promoting a more severe clinical course of asthma with frequent attacks. 39 We suppose that treatment including MMP12-inhibiting drugs could be a promising approach in the therapy of asthma and COPD. 39, 40 Our data suggest that MMP12 is more strongly involved in the pathogenesis not only of bronchial asthma but also of childhood chronic bronchitis of non-allergic nature. However, more comprehensive investigations on larger samples are required to confirm these results.
The results of our study demonstrate a significant increase of the frequency of the MMP3 ( À1171 5A46A) 6A6A genotype among children with recurrent pneumonia as compared with healthy children. MMP3, stromelysin-1, is a key enzyme of the MMP family, because it induces and activates the production of other MMPs, such as MMP1 and MMP9, interacts with cytokines and growth factors, and degrades ECM proteoglycans, laminins and type IV collagen in the lung. 13, 18 MMP3 was shown to be involved in lung fibrosis. 41 The MMP3 ( À1171 5A46A) polymorphism is an insertion-deletion polymorphism altering the binding site for the transcription factor nuclear factor-kB, which affects MMP3 expression. Both in vitro and in vivo experiments showed that the 5A allele was associated with two to four times higher levels of MMP3 expression in comparison to 6A. 42 The 6A6A genotype was associated with rapid decrease in respiratory function characteristics, 43 which agrees with our data. Previously, we detected an association between this genetic variant and COPD. 44 The association with the frequent genotype may be explained by linkage with another functional polymorphism of MMP3. These results suggest that MMP3 plays an important role in respiratory pathology in adults and in children.
MMP3 is located on chromosome 11q22-q23 in the same cluster as MMP12. Haplotype analysis was performed to investigate the effect of two linked MMP polymorphisms on the risk of chronic bronchitis and recurrent pneumonia in children. We showed that 6A-A haplotype of the MMP3 ( À1171 5A46A) and MMP12 ( À82A4G) genes was associated with increased risk of chronic bronchitis (OR ¼ 2.15) and recurrent pneumonia (OR ¼ 2.07) in children. These results confirm the association revealed by the analysis of single loci of MMP3 ( À1171 5A46A) and MMP12 ( À82A4G) and indicate the significance of MMP12 and MMP3 in chronic bronchitis and recurrent pneumonia pathogenesis.
We also found that the presence of the TT genotype of TIMP3 ( À1296T4C) polymorphism is associated with increased risk of recurrent pneumonia. Probably, TIMP3 has a substantial part in predisposition to lung parenchymal injury resulting from long-term pulmonary infections in children. TIMP3 is different from the other TIMP proteins as it inhibits a wide range of proteolytic enzymes, including not only MMPs but also ADAMs, in particular ADAM33. 25 TIMP3 regulates the release of tumor growth factor b1 and tumor necrosis factor-a in response to tissue damage or inflammation. 45 TIMP3 is located on chromosome 22 (22q12.1-q13.2) within the long intron 5 of SYN3. 46 The À1296T4C polymorphism of the TIMP3 promoter region probably affects its transcriptional activity, but its functional significance has not yet been studied. 14, 46 Some evidence implicates TIMP3 in the regulation of inflammation following acute lung tissue damage. 14 Recently, we identified an association of TIMP3 ( À1296T4C) with the risk of development of COPD in non-smokers. 44 Our findings indicate that polymorphisms of the ADAM33 gene may play a role in the susceptibility to severe lung injury in cases of children with recurrent pneumonia. ADAM33 is located on chromosome 20p13, comprises 22 exons and is expressed mainly in lung fibroblasts and in bronchial smooth muscle cells. 47 ADAM33 is involved in the enhancement of the immune response and lung tissue proteolysis, as well as in angiogenesis. 47 Proteolysis is mediated by the ADAM33-driven release of membrane-bound cytokines, growth factors and their receptors, and a2-macroglobulin degradation. 21, 22 ADAM33 contains a number of polymorphic loci, many of which are functional. 47 The polymorphisms 12418A4G and 13491C4G are located in exons 20 and 22, which encode the cytoplasmic domain, respectively. Changes in the structure of these regions can result in alternative splicing of the ADAM33 transcript and affect intracellular signaling. 22, 47 Different ADAM33 polymorphisms are associated with protein overexpression, or produce enzyme isoforms that cause pathological remodeling of lung tissue and smooth muscles, and also induce the release of large quantities of cytokines, aggravating inflammation. 24 The association of ADAM33 polymorphisms with COPD and bronchial asthma was reported previously. 22, 23, 47, 48 Therefore, changes in ADAM33 activity may influence the inflammatory process in bronchial and lung systems at various stages of its development.
The hyperproduction of MMPs, either as a result of acute inflammation or due to polymorphism of the genes responsible for enzyme production, causes pathological ECM destruction and induces intensive lung tissue remodeling, affects physiological lung growth and leads to structural reorganization of the bronchial tree and pathological lung tissue damage in children with chronic respiratory diseases.
In summary, we found that the MMP9, MMP3 and TIMP3 polymorphisms and MMP3 and MMP12 haplotypes were associated with chronic bronchitis and recurrent pneumonia in Tatar children. Previously, we showed that chronic bronchitis and recurrent pneumonia in children were associated with polymorphisms of the biotransformation enzyme genes (CYP1A1, CYP2E1 and GSTT1). 49 Further replication study in independent samples of cases and controls and in other ethnical cohorts is needed for confirmation of our results.
